We are obtaining high signal-to-noise (S/N) optical spectra and time-series photometry of all known DA4 and DA5 white dwarfs brighter than B = 16.0 mag. Deriving their atmospheric parameters, masses and limits of variability, we can study the statistics of the ZZ Ceti instability strip. We have found 14 non-variables in agreement with mass stratification of the instability strip, but also at least one non-variable star inside the instability strip that cannot be explained by total mass alone.
Introduction
The ZZ Ceti or DAV stars are the pure hydrogen atmosphere variable white dwarfs. They show non-radial g-mode pulsations (Kepler 1984) with periods between ~ 100 and ~ 1000 seconds, and amplitudes ranging from 4 to 30 mma. Several investigations show that these variables lie in a narrow instability strip centered close to the temperature of maximum hydrogen opacity (Teff ~ 12 000 K), i.e. at the extension of the Cepheid instability strip down to the white dwarf sequence (McGraw 1979) . Previous studies of the colors of these stars have shown that most and perhaps all DAs are photometric variables in the approximate temperature range 13 200 K > T eff > 11 500 K (Fontaine et al. 1982 , Greenstein 1982 .
The observed pulsations can be used to determine the structure of white dwarfs (WD) in great detail and with exquisite precision, but the observations must be matched to theoretical models. The recent models by Bradley & Winget (1994) predict that all white dwarfs should become pulsators when they cool down to the instability strip, but the theoretical blue edge depends on the stellar mass; the heaviest WDs pulsate earlier than lighter ones. However, we have found non-variable WDs in the instability strip, raising questions about the validity of the models and about the results derived from them. Dolez, Vauclair & Koester (1991) and Kepler & Nelan (1993) have found a few non-variables inside the instability strip, but they did not measure their masses. The recent pulsation models predict that the mass can solve this problem. Bergeron, SafFer & Liebert (1992) and Bragaglia, Renzini & Bergeron (1995) have done a spectroscopic determination of the mass distribution of DA WDs; even though the mass distribution is narrow and peaked around 0.6 M©, DAs masses vary from as low as 0.2 M© to higher than 1.0 MQ. Therefore, it is possible that the variable vs. non-variables issue will be resolved if the mass of the white dwarf is properly accounted for, and we propose to test this hypothesis.
Our project is to study the fraction of variable vs. non-variables for each mass sample, to find if non-variables do exist in the same range and define the location of the observational instability strip for each mass. We have thus been conducting a campaign to observe with time-series photometry all DA white dwarfs close to and inside the instability strip to better define the boundaries of that strip, and to test if all stars inside the strip are variable.
During the last 8 years we have been observing with time-series photometry all these stars to increase the statistical sample and reexamine the conclusions of Fontaine et al. (1982) .
The main difficulty is that, while existing (spectro)photometry is a good guide of which star to observe, it does not provide us with a sufficiently accurate determination of T e ff. For example, the existence of two different calibrations for Greenstein's (1976 Greenstein's ( , 1984 multichannel data (i.e., AB69 and AB79) affects critically the effective temperatures derived, changes the position of the instability strip by 1000 K, and can even change the relative order of stars in relation to temperature. We have therefore already obtained S/N >70 op-tical spectra of 64 white dwarfs with colors in and around the ZZ Ceti instability strip, and fitted them with model atmospheres to obtain the effective temperature and log <7; the mass of the star is then derived using evolutionary models with thick hydrogen layers and carbon core (Wood 1995) . Careful modeling of the blue optical spectrum of ZZ Ceti stars yields effective temperatures for these objects in most cases to within ~ 200 -300 K for S/N ~ 70 (Daou et al. 1990 , Bragaglia, Renzini & Bergeron 1995 . But there is the effect of different parametrizations of convection on the temperature determination, discussed in Bergeron et al. ( , 1995 and Koester et al. (1995) . Our analysis relies on the simultaneous fitting of H/3 and H7, which are temperature-sensitive, and Hi, H8, and H9, which are sensitive to log g. Our study will provide more secure boundary temperatures for the instability strip (the boundaries determined by Bergeron et al. 1995 are based on the analysis of a sample of known variables only), as well as a firm estimate of the frequency of non-variable stars inside of the strip. The analysis presented here makes use of the synthetic spectrum grid for cool DA white dwarfs developed in Montreal , Bergeron, Wesemael and Fontaine 1991 .
We also obtained time series photometry for 45 of these stars, to study their variability, and found one new variable star (Kanaan et al. 1992 , with 1.03 M©). Considering that the theoretical instability strip is only 1000 K wide, for any given mas3, we are mapping the effect of mass on the position of the instability strip.
Observations
The medium resolution (3 -7 A) high signal-to-noise optical spectra were obtained with CCD detectors on the Cassegrain spectrographs of the 2.15 m telescope of the Kitt Peak National Observatory , the 2.7 m telescope of the McDonald Observatory, the 2.15 m telescope of the Complexo Astronomico de El Leoncito and the 1.5 m telescope of the Cerro Tololo Interamerican Observatory.
To determine if a star is variable or not, one must observe its light curve for at least three consecutive hours, because modulation of the multiple periods of the ZZ Ceti stars can beat down the observed variations to undetectable levels for more than 40 minutes (Hesser, Lasker and Neupert 1976 , McGraw 1977 , Kepler et al. 1983 ). Another important point is that, within the known variables, there are stars with amplitudes down to 0.4 % (= 4 mma), and therefore the detection limit should be smaller than this value. We have therefore observed most stars in Table 1 for at least 3 h in our time-series photometry. We observed several stars in different nights to decrease the probability of the negative interference of pulsations, vis a vis that McGraw (1977) claimed that G 226-29 and BPM 37093, the two lowest amplitude variables, were not variables. Additional observations were made at a later epoch if the original observations were not of the required quality. In Table 1 we present the limits for the non-variable stars we have observed, as well as the results of the line profile fitting using the ML 2 (a = 1) model atmospheres to the observed spectra done to us by Pierre Bergeron from 1991 to 1993. It is important to notice that most stars have two Teff solutions, one hot and one cold. The double result arises from fitting the line profiles only; as the maximum line depth occurs around Teff -13 000 K, two temperatures, one lower and one higher, fit the line profiles equally well. For the results reported here we have not used any photometry to distinguish between the hot and cold solution, recommended by Bergeron et al. (1995) .
Most of these observations were obtained with a 2-star photometer (target and comparison star, Nather 1973) on the 1.6 m telescope of Laboratorio Nacional de Astrofisica (LNA) in Brazil. The northern objects were observed with 2-or 3-star photometers on the 0.9 m and 2.1 m telescopes at the McDonald Observatory.
Discussion
The sample of DA white dwarfs studied in this analysis has 90 % of stars with Teff < 15 000 K; they are concentrated around 13 000 K, while the mass distribution samples used in previous analysis have a large range in Teff (Bergeron, Saffer & Liebert 1992 , Finley 1995 , Bragaglia, Renzini & Bergeron 1995 . The mass distribution for our sample has a mean value of M -0.60MQ with a standard deviation of A = 0.02 MQ. These values are very similar to the ones derived from the above studies, when DA evolutionary models are used, indicating that DAs keep their mass during the cooling sequence. Bradley & Winget (1994) show that all DA models become unstable as their temperatures drop down to the instability strip. The theoretical blue edge for DA models moves-to hotter temperatures as the stellar mass is increased. It is 13 460 K for a 0.8 M© DA star, 12 950 K for 0.7 M®, 12 770 K for 0.6 M®, 12 300 K for 0.5 M® and 12 000 K for 0.4 M®. Their models drop back to stability after about 1000 K span of instability. Table 1 shows 18 non-variable inside the theoretical instability strip (13 460 K > > 11 000 K). 14 of those are compatible with the predictions of the mass dependence of the instability strip. But 4 non-variable stars inside the instability strip (PG 1119+385, GD 515, GD 236, GD 556) have masses that indicate they should pulsate. Of these 4 stars, only GD 236 does not have an alternative higher temperature fit that would place it outside the instability strip.
When we are analyzing such statistics, a few effects must be taken in account: (1) the obvious effects of observational errors, which due to the narrowness of the instability strip could put a star inside the instability strip; (2) certain combinations of the indices of the spherical harmonics t and m, when viewed from special aspects, show no luminosity variations, because the surface brightness distribution over the observable hemisphere of the star averages out in time. For example, when the inclination angle of the rotation axis of a variable star is seen pole on, the pulsation modes which are symmetrical about the pole cancel out, and we see no observable variations, even though the star is variable. If the modes are rotationally split, on the other hand, the effect will make modes with different ra-values have different amplitudes, but probably not cancel out all the variations (Pesnell 1985) . This factor cannot explain any substantial percentage of non-variables because it requires very specific orientations; (3) there is an observational limit on the detectable pulsational amplitude. Considering that some known pulsators have very small amplitudes (0.6 % ~ 6 mma for G 226-29, 0.4 % ~ 4 mma for BPM 37093), we could claim that a pulsating star is non-variable if its amplitude is below our detection limit. Our basic conclusion is that the large majority of non-variable stars (14 out of 18) inside the theoretical instability strip are in perfect agreement with the recent pulsation models prediction of mass stratification of the instability strip. However, there are non-variable stars inside the ZZ Ceti instability strip that cannot be explained using only the total mass of the star. 
